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ABSTRACT
The magic key in any commercial transaction is to satisfy the customer's requirements. In
the color separation market the customer's expectations are consistency in the product, and
films that when printed will reproduce a clean visual match to the original copy.
The variables that affect the quality, consistency, and productivity for the color separation
process, were reviewed. The result of this review was that the operator's scanner set-up for
tone reproduction is the most critical variable in the process. An estimate of the total cost in
the United States caused by rescans due to inconsistency of the scanner set-up gave the
result of$462,852,000 per year.
One solution to the problem of inconsistency of the scanner set-up seems to be the use of
pre-scan systems. The pre-scan system helps the scanner operator determinate the optimum
tone reproduction for each color separation.
A review of the related literature described seven presetter and seven presetter/previewer
systems. To test pre-scan effectiveness the DuPont Image Manager was used to produce
the suggested scanner set-up using a computerized method for the tone reproduction
determinationwith very little operator assistance.
This study answered the research question, does the DuPont Image Manager improve the
quality, consistency, and productivity of color separations made on a Hell DC 399
Scanner? The Hell DC 399 scanner was used. Two hypotheses, and the experimental
design are presented.
The experiment produced color separations using the judgment of three experienced and
three inexperienced scanner operators, and by using the pre-scan system. With the films
obtained, Cromalin color proofs were made. Judges evaluated the proofs using pair
comparison to study the quality consistency improvement. To study the productivity, the
average time required for the scanner set-up using both methods was measured, using the
scanner operator's judgment and the DuPont Image Manager.
The results of the study yielded the following conclusions:
- the overall visual preference of color separations was higherwhen the scanner is set-up
according to the Du Pont Image Manager instructions by experienced or inexperienced
scanner operators.
- the Du Pont Image Manager produces an improvement in the productivity of setting up a
scanner in a ratio of45% for the inexperienced scanner operators.
- the use of the Du Pont Image Manager did not significantly increase the color separation
acceptance either for experienced or inexperienced scanner operators, or for different kind
oforiginals.
- for low key originals, the operator's judgment produced a better overall visual color
separation, compared to when the ImageManagerwas used.
- for high key originals there is no difference in the visual preference for the color
separations made using either one of the two methods analyzed.
- for normal key, over exposed, and under exposed originals the visual preference was
higher for those color separations that were made following the Du Pont Image Manager
instructions for the scanner set-up.
The recommendation for further study is that the same research can be performed in a real
working situation, at five or six shops, using their normal jobs in the test, and asking their
customers to judge the separation's acceptance.
CHAPTER I
INTRODUCTION
In any commercial transaction customers want to receive the best quality product for the
price they are asked to pay. The same is true in the color separation and printing market.
But then people find themselves with the problem ofhow to define: what is good quality in
the graphic arts?. Before going further it is better to point out that the only stage in the color
reproduction process where it is possible to control the nature of the image that will be
produced in the printing stage is the color separation processQ). Now, going back to the
original question it can be said that quality is to fulfill the customer requirements. But one
will find the scanner
operators'
complain that the customers do not knowwhat they want,
or that one customer wants something different than another customer(2). One will find
some people thatwill say "Clean and Bright is always right"(3), and others will say that it is
relative to the subject and to the observer. But the one true quality attribute everybody
agrees with is that customers want consistency from scan to scan, scanner to scanner, and
from operator to operator(4).
How can consistent color separations be produced?. The answer to this question seems to
bewith a consistent input, separation process, and output.
The analysis of the answer given leads one to the quality of the input or original. Here all
people know that a large original will give more detail and less graininess. However most
photographers prefer to use 35 mm film. If the original is seen by itself, one can say ideally
it should posses correct exposure, even light, color balance, good contrast, sharp focus,
and fine grain(5). If it is asked, how many transparencies that are used for the color
separation satisfy all those requirements, the most probable answer will be very few. So
the scanner operator has to deal with these variations in the original.
The separation process and output can be considered as an unique point, where the
equipment and materials should be standardized. The materials used in making a color
separation are the result of an industrial process, that includes very well controlled raw
materials, procedures, and final product. Then, for the case of this approach it will be
assumed they are very consistent, and so it can be assumed they will not cause much
variation.
When the equipment is considered one sees some variation from scanner to scanner, but it
can be taken into consideration when each scanner is initially calibrated. The scanner,
because of its solid state electronics, can perform the functions of analyzing the picture,
processing the job, and exposing the film in a very precise way(6). Scanners contain
computers made from physical components which are more repeatable than chemical
components, which are affected by temperature and humidity(6). In order to control the
relationship between the scanner's exposing light intensity and the results obtained on the
film, it is suggested to check the scanner linearization at least once a day(7). By periodically
doing a linearization test this guarantees consistent and predictable output(8). This means
that when the scanner operator regulates the scanner to produce a 50% dot, he will get a
50% dot on the film.
So if everything seems to be consistent or not too far away from what is expected, why is
there so much difference from scan to scan?. The answer is that there is some
inconsistency in the scanner set-up. Now, taking a look at the decisions the scanner
operator has to make in setting up the scanner many tasks are found. For every single job
the scanner operator must know the printing characteristics such as the dot gain, gray
balance, trapping, printing sequence, ink hue, ink strength, and paper type. And for the
original he will have to know the emulsion type, original size, exposure, development,
density distribution, highlight and shadow densities, color balance, graininess, and
reproduction size. These are just some of the variables the scanner operator must handle.
The scanner set-up is a very complex matrix of decisions based on many variables. Thus
one can easily understand how a scanner operator can make the wrong set-up decisions(9).
By taking a look at the color separation market one can get a good idea of the real
dimension of this problem. Usuallywhen a customer is unsatisfied with a color separation,
it is necessary to rescan the original. This not only will be an extra cost, but usually the
scanner operator has no record ofwhat he has done before, so he has to restart the whole
process ofmaking the decisions for the new scanner set-up.
Looking at the extra cost caused by a wrong color separation, it can be assumed that a good
color separation can cost $59, and a not so good one can cost $149(3). It has been reported
that the average rescan rate is as large as 30%(10). One can estimate the financial loss due to
poor scans. In 1987 there were 1 1,000 scanners world wide and 3,000 of those were in the
United States(lO). If a growth rate of 7% per year is assumed(ll), in 1990 there will be
12,600 scanners world wide, and 3,450 of those will be in the United States. One can also
assume the average production for a scanner is 100 color separations per scanner per
week(ll), with a rate of 2 operators per scanner* 12). In the United States there is a total
estimated 6,900 scanner operators. This means there are 6,900 different criteria for setting
up a scanner that can also vary from day to day. Then it is logical that one could find some
inconsistency in the color separation process. Now, evaluating the total cost caused in the
United States by rescans due to the inconsistency in the scanner set-up one gets
$462,852,000 per year.
Even with these variations the color separation market is still profitable. But one can see
that it could be a lot better. Looking at the scanner efficiency, measured as the number of
good scans made during each shift, one will find that scanners spin only for 15 to 20
minutes per hour (13). So a scannerworking rate of 25 to 33%; and what does the scanner
operator do the rest of the time?. He has to mount, dismount, develop the film, and
analyze the transparency, which is the most time consuming operation, plus set-up the 100
or more controls on the color scanner.
One could assume that by having an automatic set-up on the scanner the rescan rate could
be reduced. This is the track the scanner manufacturers are trying to follow nowadays(4).
But there is still the problem ofhaving over 10,000 scanners world wide without automatic
set-up. It is necessary to find a practical solution for those scanners. A pre-scan device can
help the scanner operator to evaluate the original, and give him the directions for setting the
scanner's controls(14). Some authors report a rescan rate of 2.6% only by using the
pre-scan system(15). Bruno is more conservative. He reports a rescan rate reduction from
30% to 20% using a presetter device, and from 30% to 10% for a presetter/previewer
device(10).
In this thesis one of these pre-scan systems, the DuPont Image Manager was used. The
final results obtained using this system for color separations were compared with the result
ofcolor separations made by experienced and inexperienced scanner operators without any
assistance. The system performs an automatic analysis of the transparency and suggests the
optimum scanner set-up for the customer's requirements. This research has answered the
question, does the DuPont Image Manager help to improve the productivity and quality
consistency of the color separation process?.
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CHAPTER II
THEORETICAL BASIS FOR THE STUDY
Good color separations are those that contain dot values on the film which when printed,
will yield the desired colored ). To produce this result the scanner operatormust understand
the basics of color reproduction: tone reproduction, gray balance, color correction, and
unsharp masking.
Tone Reproduction is the relationship of the density in the original to the density of the
reproduction and the percent dot printed on the final product. For a better understanding of
this one first has to realize that the photographic original has a greater capacity of tones than
the printing process. So for the reproduction one needs to compress the tonal range of the
original(2). The most important point here is to reproduce the range with tonal detail in the
important areas, sacrificing the tonal detail in areas less important to the picture.
To control the changes in the density levels of an original image when it is converted to the
halftone film and then printed one has to know certain characteristics. These characteristics
are the original image and the printing conditions, such as kind of ink, solid ink density,
screen ruling, dot shape, paper characteristics, dot gain, ink trapping, press, and so on(l).
Therefore, one may conclude that the tone reproduction is specific to each press under
given printing conditions.
The optimum tone reproduction can be determined by constructing a graph that relates the
densities ofan average original to those one can print. Then, to determine how to produce it
one relates the size of the dots on a test film to their respective printed densities using a
plate/press graph. Finally, to find the required color separation curves the two graphs
mentioned above are put together and a
45
straight line (transfer curve). Following these
steps one can build the Jones Diagram (shown in figure 1), and so determine the required
halftone characteristics for a given printing condition and original.
Figure 1.- Jones Diagram (source: Field, G.,1988, p 228)
quadrant I: desired density relationship between the original and its reproduction
quadrant II: desired relationship between the dot size on the film and the density printed by
those dots, plate/press graph
quadrant TQ: transfer line (45)
quadrant IV: determine the dot size required for the different original densities to reach the
desired reproduction by cascading around the Jones diagram
Gray Balance is the ability to produce a given neutral gray of a certain visual density as
measured with the visual filter of a densitometer. This gray has no apparent color cast, even
though it is produced with cyan, magenta, and yellow dots of different sizes(3). The gray
balance correction is necessary because of the hue error the process inks have. The
densities for a set of typical process inks are:
filter
B G R
yellow 1.00 0.05 0.02
magenta 0.65 1.30 0.10
cyan 0.12 0.34 1.20
total 1.77 1.69 1.32
Table 1.- Densities for process inks (source Field, G.,1988, p 229)
Here one sees there is more red light reflected (i.e. lower density) than blue and green light,
so it will produce a brownish cast(l). It is necessary to adjust the different dot sizes in the
gray areas to reproduce the same density for the three filters for given ink densities. Once
the correct dot sizes to produce a neutral gray are determined, they should not vary unless
the printing conditions change<2).
Color Correction is needed because with the available pigments it is impossible to make
a perfectly pure ink. As it can be seen in table 1 , each ink absorbs some of the light it
should transmit. Color correction is the compensation for unwanted absorption of colors
caused by ink deficiencies(2). It is important to point out that color correction does not
affect the gray areas(3). Color correction helps in reproducing the memory colors, like green
grass, blue sky, and red apples.
Scanners have two variations of color correction that can be accomplished at the control
panel. There are adjustments for overall color correction used to compensate for any overall
color change. These adjustments affect every color inwhich the changed color appears (i.e.
a magenta adjustment will affect every pink, red, orange and purple). There are also
selective color controls that permit changes in a smaller band of the color spectrum, and
make a change in just one hue similar to the color desired to correct(4).
Unsharp Masking accentuates the contrast between adjacent tones, and increases the
edge effects where tones change. This accentuation gives the appearance of a sharper
picture with more detail(4). It increases the sharpness of the reproduction relative to the
original and the customer's desires. Optically it can only be achieved in the direction of the
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cylinder rotation. Unsharp masking is possible in both directions when the Unsharp Mask
is a digital function like on the CEPS(6).
Proper adjustment of these four characteristics is the tool scanner operators have at their
disposal to produce a good color separation. It is necessary that optimum tone reproduction
and gray balance be achieved before the color correction can be evaluated(5). The unsharp
masking is independent of the other three characteristics. Finally, one can say that tone
reproduction and gray balance are related but different, being that correct tone reproduction
is the most important ofall these four(3). Therefore, since all color attributes are affected by
the tone reproduction, over 90% of good separations can be achieved by making correct
tone reproduction adjustments, taking into account the original attributes, printing
conditions and customer's desires(6).
When one tries to produce a color reproduction with so many restrictions such as different
tonal ranges, only three inks, dots to represent continuous tones, impure inks, and so on,
one has to keep in mind that the color reproduction process is a compromise. While one
may not reproduce the original exactly as it is, an acceptable visual match can be achieved.
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In the introduction it was seen that getting consistent color reproduction is highly dependent
on the scanner set-up. Southworth said that one can expect as many opinions about the
scanner set-up as there are scanner operators(l). Probably themost critical step in the setting
up ofa scanner is to evaluate the original for optimum results in the separation for a given
printing condition. Even an experienced operator may make wrong decisions, and the
adjustments in a scanner may not always produce the expected results(2). It is obvious that
some device is needed to assist the scanner operator to make these decisions more
scientifically. A pre-scan analysis system seems to be just such a device.
But, what is a pre-scan analysis system?. A pre-scan analysis system is a generic term
being used to describe any system that has been introduced to help scanner operators make
quicker and more accurate scanner set-ups(3). The pre-scan system basically helps the
operator to evaluate the original copy in terms of emulsion, detail, under or over exposure,
tonal range, and other factors. Once the characteristics of the original are entered, the device
will select an optimal tone reproduction curve for that original, and a given set of printing
conditions. Then the system prints out the directions for setting the scanner's controls, or
in some cases it programs the scanner itself(4). The system generates the optimum tone
reproduction data after considering the characteristics of the original, the paper to be
printed on, and the press variables. From the optimum tone reproduction data a computer
can generate density or dot percent values for each of the process colors. Then the desired
scanner control settings for the gradation can be set(2).
Basically there are two types of pre-scan systems: off-line scanner presetters, and on-line
scanner presetter/previewers(5). The presetter or off-line systems use computer databases to
calculate the scanner settings. But they have the disadvantage that the results cannot be seen
until the film separations and hard proofs are made. Presetters reduce makeovers and
proofs by about one-third. Scans made with presetters average 20% makeovers instead of
30%, and two proofs in place of the three needed when no pre-scan device is used(5).
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The presetter/previewer as its name implys is a presetting device with a video display to
show the effects of the settings and corrections before producing the film and the hard
proof, all done using a quick low resolution scan. Even in this case one needs to make a
trial scanner set-up, and according to the results shown on a video display, the scanner
operator decides the next step in the color separation process. Most of these systems are
dedicated to proprietary scanners, and they reduce makeovers and proofs by about
two- thirds. Scans made with presetter/previewer average about 10% makeovers and
between 1.25 to 1.5 proofs per scan(5).
There is also a third type which is a video display used on the scanner after a preliminary
scan is made to determine the accuracy of the set-up before producing the film and proof(3).
In this case one uses a normal scanning speed. One only saves the film and proofmaterial,
because the scanner operator has to decide based on his own experience the changes in the
scanner set-up if needed, if not he goes to the film and the hard proofwith the first scan
made.
Presetters are the systems used off-line that help to determine a scanner set-up by
analyzing the original characteristics. Following are a brief description of the most
important features for seven of these systems:
-Carlson ScanCal Prescan System: the operator makes a scan of the original copy with a
black and white video camera(6). With the density values obtained the system makes a
density frequency histogram. It calculates the tonal content of the original, then determines
the scanner gradation curve according to the tone reproduction and kind oforiginal copy(7).
This manufacturer guarantees his system will increase productivity by at least 20%(8).
-Chemco/CAPS (ComputerAided Prescan System): the operator uses a visual comparison
of the original transparency with a set of reference transparencies to classify it first into
high, normal, or low key, then into over, under, or normal exposed, and then into high,
normal, or low contrast. This information is then keyed into the CAPS subprogram^).
Afterwards the computer converts this information to tone reproduction curves and scanner
settings(5).
-Colortune Viewer: is a small portable computer controlled viewer. The scanner set-up is
color corrected for the transparency color imbalance by adding CC filters while it is being
viewed(6). After reaching the point that produces a good visual appearance, those values are
translated into the corresponding changes in dot sizes in the final color separations(2).
-DuPont Image Manager: scans a transparency taking thousands of black and white
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readings(6). The system analyzes the result by comparing it with a database of over 20,000
color reproductions analyzed in the Brunner and DuPont color reproduction studies(5).
According to the customer preferences (clean and bright, facsimile, lighter, or darker), and
the characteristics of the customer's press and stock the aim point for the scanner set-up is
produced(2).
-Colorcomp: This system uses a spectrophotometer to measure the color of the
transparency rather than a densitometer. This data is then fed into the computer which
automatically generates the data for setting up the scanner for the optimum color
separations(2).
-Spectronics Scantronics: The densitometer or the scanner density readings from a
transparency are input into a computer. Then it calculates the tone reproduction curves and
the proper settings for the scanner set-up.(5).
-Numakura G.I.S. Equations: this system allows the scanner operator to determine the
ideal tone reproduction curves needed, using the density readings taken from the original
copy, and the relation between the density ranges for the original and the reproduction,
without operator judgment 1,11).
Presetter/Previewers are on-line systems that allow the scanner operator to use a trial
scanner set-up, then the result of the color separation is viewed on a video display. The
scanner operator decides then if it is necessary to change the scanner set-up or accept the
result obtained. Following are a briefdescription of the most important features for seven
of these systems.
-Crosfield Scan View: is a system that uses a high resolution CRT (1024x1024) to view the
expected reproduction, after the original copy is scanned at twice the normal scanning
speed with settings estimated to be correct by the scanner operator. When the results are
viewed on the screen the settings are left alone or changed before the final high resolution
scan is made(2,5).
-Scanalizer 200 1: from Royal Zenith also uses a low resolution fast scan to produce a video
display using the trial setting on the scanner. Then the results are visually analyzed. If it is
necessary the scanner settings are changed,
and a normal speed scan is made to film and
proof. The system has amemory to keep the different settings and helps the operator make
visual comparisons and critical evaluations(2,5).
-Scan Proof: is made by a Japanese company (Toppan). It uses a 20 second fast scan. The
signal from the scanner is displayed to show the operator how it will appear when itwill be
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reproduced. Necessary set-up changes can be displayed immediately. It can also store
images from previous settings for visual comparisons(2,5).
-Scanvision: is a Swiss company (Gramag Ag) product and it works using the same
principles as the Scan Proof system(2).
-Skanskop: is part of the Hell Chromacom prepress system. It can only make high
resolution scans. The scanned image is shown on a colormonitor display(2,5).
-Royal Zenit 210-CM: is an interactive system that can produce a fast low resolution scan
(in 40 seconds). The image is viewed on amonitor. The desired changes are made and then
the scan is produced at normal speed(2,5).
-Scitex Pre-sponse Console: a standard scanner set-up can be used to make a high
resolution scan. The result is then viewed on a color video monitor either as a full color or
as individual separation for each color. If the scan requires more than slight changes the
transparency can be rescaned while it is still on the drum, and the evaluation process is
repeated. It can also be corrected digitally(2,3,5).
One has to keep in mind that although the presetter/previewer seems to be more useful,
viewing a soft proof requires a skilled operator because the viewed image has to be
transformed in one's mind from what is seen to what will print. The reason for this visual
discrepancy is the differences in hue, luminance, and resolution from the video screen to
the printed imaged0). Also all video systems require an estimated trial tone reproduction
setting to produce the first scan.
There are some other devices like the Scanner Data Terminal, Data setter DS-700, and so
on. that can improve scanner set-up, and scanner productivity, but they are not a pre-scan
device as it was defined before(2).
All these systems and others not mentioned allow people to improve the scanner set-up by
either producing a print-out with the tone reproduction setting specifications that the
scanner operator can use, or by directly programming them into the scanner. Some of these
systems are able to workwith any scanner and others are name scanner dependent.
Another characteristic of the pre-scan systems is that they can be used as a teaching tool.
The system tells the operator how to set the scanner for a particular original, the operator
does so, looks at the original, looks at the separation, and learns a little bit more about the
scanner controls(8).
Using the pre-scan analysis system one would expect less experienced operators could
produce more high quality scans than would normally be expected for their skill level(9).
Although the main purpose of the system is to assist the scanner operator to make the
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critical decisions about tone reproduction, allowing the operatormore time for specialized
corrections of specific colors and final film evaluation, the scanner operator acceptance of
the pre-scan systems is still a problem(9). This may be because the scanner operators see the
pre-scan equipment as a replacement for their skill and a threat to their job. This author
believes the pre-scan system is a help to the scanner operator to improve quality
consistency and productivity of the color separation process. For the managers who have to
make the decision to buy this equipment there is a lack of valid information proving the
advantages and disadvantages ofusing these systems.
The color scanner used with a pre-scan analyzer can work almost continuously. The drums
can be preloaded so the scanner stops spinning only for reloading the drum and film. The
final cost per scan is less because the remakes are fewer, less film is used, and more high
quality color separations can be made in a shorter amount of time(10).
The Du Pont Image Manager: although the objective of pre-scan systems is to
improve quality and consistency, the fact they have been available in the market for a long
time, and have not been widely accepted could lead one to the question of their
effectiveness. There are estimated to be 200 worldwide, including all the brands that
exist(12).
This thesis work was done on the Du Pont Image Manager system. The Du Pont Image
Manager system is a presetter device that analyzes the original transparencywith very little
or no operator assistance. This researcher decided to use the Du Pont Image Manager
system because as 90% of the effort to produce good color separations is achieved by the
correct tone reproduction, and this system appeared to the author as having the more
reliable method for determining the tone reproduction adjustment. This system is able to
determine automatically the optimum tone reproduction for each original copy using a
computerized, and objective evaluation. The system is programed for a specific client and
press/ stock combination by entering the gradation curves that produce the best results for
the color separation in that case. Then, the system generates 10 more variations from the
gradations already entered, four for lighter original and six for darker originals. In the
analysis the system determines the highlight density and its location, and the tonal range for
the transparency. With this information and the data base for the 20,000 samples analyzed
in the Brunner and Du Pont color reproduction studies, the system generates the curve that
predicts the best relationship between the original and its reproduction. Finally, depending
on the operator's specifications (light, dark, clean and bright, facsimile), the system
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generates the halftone gradation curves to produce the desired reproduction. This data are
printed out on a scanner set-up instruction sheet. The system can also print a black and
white, low resolution reproduction of the transparency pointing out the location for the
highlight and shadow. This is useful information if it is wanted to eliminate the color cast
of the transparency and to check the data given by the system.
The Image Manager analyzes a transparency in the followingmanner(5,13):
- The transparency is mounted in a holder and then introduced into the system. There the
system is adjusted automatically for the size of the transparency and a fast scan is
performed to find the minimum density or highlight.
- When the highlight is found the image is displayed on a monochrome monitor with a
flashing pixel showing the highlight location. Then, the operator can adjust the highlight
level while he is viewing the results on the monitor.
- A second scan with the highlight zeroed-out is performed, and the system determines the
tonal range for the transparency. This data is sent to the computer.
- The computer analyzes the data, and according to the customer's preferences such as
Clean and Bright, Facsimile, Lighter, or Darker, and the data base it has available the
computer determines the optimum scanner settings using the basic gradation previously
entered to the system when the customer, press/stock combination was determined.
- The results for the scanner settings are printed as five point gradations along with other
relevant information for the job.
One can see that the Image Manager is a computerized transparency analysis with little
operator intervention. So it should produce very consistent results regardless ofwhat kind
oforiginal copywe have (high, normal, or low key; under, normal, or over exposed).
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CHAPTER IV
STATEMENT OF THE PROBLEM
From the evidence presented in the previous chapters one can say that one of the most, if
not the most, serious problems in the color separation process is the scanner set-up
inconsistency. This problem causes many other problems such as rescans, film waste,
delays in the delivery, proofing material waste, and so on.
As it was seen in the literature review there are many pre-scan devices that can help the
scanner operator with the set-up task. Some systems are presetters; same are
presetter/previewers; while others serve only as a previewer. But all of them have one final
purpose, which is to reduce rescans by producing a good quality color separation at the
first scan.
If one looks at the color separation market requirements it can be found that the more
important points for the people that are aware of the success of their business are:
The overall visual acceptance by their customer to the proofs produced with the films
obtained as the result ofa consistent color separation process.
To get a high production level, which is directly related to the ability to produce more
color separations in the same period of time at a low rescan rate. It means to reduce not
only the labor costs but also the film and proofingmaterial costs.
These points mentioned above show that the Du Pont ImageManager can be a very good
alternative to fulfill the color separation requirements. Thinking in this way the author
developed the following research question for this thesis:
Does the use of the Du Pont Image Manager improve the quality consistency, and
productivity ofcolor separations made on aHell DC 399 Scanner?
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In order to answer this question the following hypotheses were tested:
HYPOTHESIS 1
"Color separations produced on the Hell DC 399 Scanner using input set-up from the
Du Pont ImageManagerwill bemore visuallyaccepted than when the color separations are
produced using scanner
operators'
judgment for the scanner set-up.
"
HYPOTHESIS 2
"The color separation process on the Hell DC 399 Scanner will be more productive
(considered as the number ofcolor separations produced in a period of time) when the









In order to test the hypotheses formulated, it was necessary to compare the overall visual
acceptance of color proofs made with the films from the color separations produced using
input from the Du Pont Image Manager against the unassisted traditional method ofscanner
set-up.
To produce the scanning operation, three experienced and three inexperienced scanner
operators were asked to help in the development of this project. For defining these two
categories an experienced scanner operator was considered as one who has produced at
least 1 ,000 color separations.
Five transparencies were used as representative of the kind of originals a color separation
shop could receive. They were high, low, andmedium key, and for the same subject as the
medium key an over, and an under exposed transparencies were produced.
This researcher decided to use the Hell DC 399 ER scanner because it was thought it was
going to be connected directly by an interface with the Du Pont Image Manager. Finally the
interface was not available, but as the gradations and all the previous process were
developed for that scanner it was decided to continue this research there, but any scanner
could be used.
As the objective for this thesis was to compare the results from the Image Manager to the
traditional method of scanner set-up, only changes in tone reproduction were produced.
The scanner operators were also instructed to not remove the color cast, to keep the color
correction settings at the normal conditions for the scanner, and to produce a clean and
bright color separation. A copy of the instructions for the scanner operators is presented in
Appendix A. The tone reproduction characteristics for the process were defined by the use
of the Cromalin color proofing system, which was previously calibrated to the SWOP
standards. The proofing calibration data are presented in the Appendix C. The Cromalin
color proofing system was chosen as the final way to compare the results for the two
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methods used for the scanner set-up.
The five originals were analyzed first on the Du Pont Image Manager to determine the
system's recommended scanner set-up. The gradation curves entered to the system were
determined by trial and error for different gradations. Finally, the set of gradations
recommended in the Image Manager Owner's Manual for Cromalin proofing on coated
stock were used. The gradation curves and the print out from the Du Pont ImageManager
for each transparency are presented in the appendixD.
Each original was analyzed through this system six times. An average value for the time
required for each analysis was then evaluated. The system was operated in the automatic
mode, so no operator judgment was required.
In the color separation process each scanner operator was asked to produce a clean and
bright reproduction for each original. After the scanner operator finished with the
separation made based on his judgment he was asked to produce a new color separation for
the same original but now following the Du Pont Image Manager instructions. All the
scanner operator's settings were recorded, then if it were required to repeat a color
separation, only the original settings should be used. This was done because only the first
scans were considered in this study. No rescans were allowed.
The time required for all operations using both methods was recorded. This time period
included from when the transparencies were handed to the operators to when the scanner
was ready to start scanning. For the analysis using the Du Pont Image Manager the
complete process was timed. When the above procedures were completed 60 sets of four
color separation films were available.
The color separations were then color proofed. To minimize the variability in the color
proofing system (although it was calibrated) each pair ofcolor separations that were going
to be compared were proofed simultaneously. Thus if for any reason a minor variation
happen in one color proof it also happened to the another. All the color proofs were
numbered in a random way to eliminate names and any bias in the distribution for the
evaluation that could influence the results. The 60 color proofs were then evaluated by 12
judges.
In order to analyze the two hypotheses stated it was necessary to perform a subjective
evaluation of the different color separations produced to determine which method produced
the highest number of accepted scans. To determine which method had the highest
productivity, the time it took the operators to set-up the scanner using both set-up methods
was measured using a stop watch.
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2.- Subjective Evaluation
A color proof using the Cromalin system was made for all the scanner
operators'
color
separations, which was proofed side-by-side with the respective Image Manager's color
separation produced by the same scanner operator for the same original transparency. So
30 pairs of color proofs were obtained. They were judged by a panel of 1 2 judges selected
from the students taking the Electronic Color Image and Control course offered the Spring
quarter, 1990 in the School ofPrinting at RIT. This class was selected because it involves
students interested in the color pre-press area, and because they have a solid background in
the area of tone and color reproduction.
All the color proofs were numbered from one to 60, and there was no identification ofwho
made which color separation. The order for the presentation of the color proofs was chosen
randomly. All the non-image areas were cut to avoid any visual interference, and the proofs
were mounted on a neutral gray cardboard.
Before the evaluation, detailed instructions were handed to the judges along with the
answer sheets and a copy of the scanner
operators'
instructions.
The judges were asked to perform an evaluation of the color proofs in two different ways.
First, showing the judges one color proofat the time, theywere asked: Based only on tone
reproduction criteria, is the color separation acceptable? Second, showing the judges each
pair of color proofs, theywere asked: Based only on tone reproduction criteria, which one
of the two color separations do you prefer?
Once the paired comparison was performed by all the 12 judges, an assessment of
inter-judge agreement was made using the results obtained from the subjective evaluation.
The Scott's coefficient was evaluated for each judged). To have a judge considered
consistent with the others a Scott's coefficient of 76% was required. With the results for
the evaluations the 12 judges were ranked, and six out of the 12 were chosen. Those six
judges had a Scott's coefficient of at least 67%, which was less than preferred but still
considered acceptable for the purposes of the study. The results of the Scotfs coefficient
and an example of the evaluation are presented in appendix F in tables F-4 and F-5.
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3. -Equipment or Resources
The list ofmaterials, equipment, and resources used in this study is as follows:
- Hell Chromagraph 399 ER electronic color scanner
- Dupont ImageManager prescan system with software version 4.0
- Kodalith film processor
- GTI, Graphic Technology Inc., Viewing Booth with illuminant at 5000 K
- 3M, Electronic Dot Generated Scanner Film, 52.5 x 64.6 cm, or 20.6 x 25.4 in.
- Du Pont Cromalin Laminator (positive)
- Du Pont Cromalin processor unit ATM II (positive)
- Frame U.V. light Teaneck Graphic Corp., L 1250 lamp, Kokomo Filter, light integrator
Expo 19, GTI Graphic Technology Inc.
- Cromalin Commercial Receptor CR/1
- Du Pont toner powder yellow SOP/Y pos-6, magenta SOP/M pos-4, cyan SOP/C pos-4,
and black SOP/K pos-4.
- Positive working proofing film C4/CP, 25 in x 300 ft, batch roll 1630-0010.
- Transparency 2 1/4 x 2 1/4 in, named: ASPIRIN (HIGH KEY).
- Transparency 35 mm, named: SUNSET (LOW KEY).
- Transparency 35 mm, named: VOLCAN OSORNO (NORMAL KEY).
- Transparency 35 mm, named:VOLCAN OSORNO (UNDER EXPOSED).
- Transparency 35 mm, named: VOLCAN OSORNO (OVER EXPOSED).
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LIMITATIONS OF THE STUDY
Although the experiment performed answered the research question, there are some
limitations that restricted the results obtained. These are the natural limitations in any study,
such as limitations in time, resources, and money available. Even though the study
answered the hypotheses with the restrictions there are, it is still interesting to know what
limitations this author saw.
The experiment was performed by only six scanner operators, three experienced and three
inexperienced. It would be better to have a larger number of scanner operators to better
account for the
operators'
variability. Also all the scanner operators had the same basis in
their education, it is because all of them are from the School ofPrinting at the RIT.
Five different originals were used assuming that those are representative of the market. It
might be better to analyze real jobs and compare the results of using or not using the
Du Pont ImageManager.
The scanner chosen was the Hell DC 399, so the results are directly applicable for that
scanner, and there is not any evidence about what should happen in a different scanner.
The pre-scan system studied only involved tone reproduction. The color correction and
unsharp masking functions were kept constant. But it is known that a change in the tone
reproduction affects the color correction, so it could be interesting to check if it is easier for
the scanner operator to produce the color correction once he is sure the tone reproduction is
correct.
The comparison was done by judges that were only analyzed for inter-judge agreement,
and not for visual color deficiency or color preferences. The number ofjudges used was
limited due to the availability ofqualified judges. The judgeswere students that had a solid
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The subjective evaluation by the 12 judges was performed under standard viewing
conditions. The data collected for the rejection rate, which is a measurement of the color
separation acceptance, and the color separation preference based on tone reproduction
criteria are presented in appendix F, tables F-l and table F-2 respectively. The time
recorded for all the operations performed by the six scanner operators are presented in
appendix F, table F-3.
With the data from the table F-2 the inter-judge agreement study was performed as it is
shown in table F-4. To compare all the judges to each other, 66 evaluations for the Scott's
coefficient were performed. The results of that analyses are presented in table F-5. A
minimum level ofagreement of 67% was accepted as the critical judge selection coefficient,
which indicates acceptable agreement between the judges(l). Only the data from six judges
were used. Those are judges number 1, 3, 5, 6, 8, and 10.
The data for those six judges chosen for the further study are presented in appendix F, in
tables F-6 and F-7.
1.- Hypothesis 1.
It was hypothesized there would be a higher rate of acceptance of separations made using
the Du Pont Image Manager than there would be using only the operator's skill for scanner
set-up. An ANOVA analysis of the data in table F-6 for the six judges was done on a null
hypothesis, Ho: the data being tested for the two samples (the Image Manager or the
operator's judgment method for the scanner set-up) come from the same distribution.
The analysis indicated there was no significant difference in the rejection rate between the
two scanner set-up methods when all operators and all copy types were analyzed. There
was only a 5% difference between color separation acceptance between the two methods of
scanner set-up.
The analysis of the data for only the experienced
operators'
set-up for all the copy types
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found no significant difference in the acceptance rate between either set-up method. The
same was true for the inexperienced scanner operators.
When analyzing the effect of copy type the rejection rate for the over and under exposed
transparencies ranged from 72% to 100% for both methods. The average rejection rate for
the over exposed original was 89% and 83% for the under exposed original. This leads one
to the conclusion that this could have been caused by the choice of transparencies used on
the research. It may be they were too extreme and probably neither system was able to
compensate completely for their condition. If the under and over exposed transparencies
were not included in the analysis, the average rejection rate ranged from 31% to 33%,
which is similar to the 30% reported by Bruno(2). No significant difference in the rejection
rate was observed when the Image Manager was used. This research did not agree with
Bruno that the use ofa prescan device would reduce the rescans to 20%(2).
2.- Hypothesis 2
Hypothesis number 2 expected an increase in the number of color separations produced in a
given period of time if the Du Pont Image Manager was used to help set the tone
reproduction on the scanner. An ANOVA analysis of the data in table F-8 was done for all
operators, experienced and inexperienced, and for all types ofcopy.
The results of the ANOVA analysis indicated that the experienced scanner operators did not
show a significant productivity improvement with the aid of the Du Pont ImageManager
regardless of the copy type even though the average production time was shortened. The
analysis also showed no significant difference between the two method of scanner set-up
when all operators and all copy types were considered. The overall production time was
however slightly reduced by the use of the Du Pont Image Manager.
The productivity for the inexperienced scanner operators for all the original types showed a
significant 45% improvement when color separations were produced using the Image
Manager. The detailed analysis for the inexperienced scanner operators as related to the
original type found:
Low key and over exposed originals showed a significant improvement in productivity
when the Image Managerwas used. The improvement was 49% for the low key, and 45%
for the over exposed original.
No significant productivity improvement was achieved for the high key, normal key, and
the under exposed originals.
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The results for this analysis are presented in the following table:
experienced inexperienced
operators operators
all the originals NODIFF. YES (45%)
high key NO DIFF. NO DIFF.
low key NO DIFF. YES (49%)
normal key NO DIFF. NO DIFF.
overexposed NODIFF. YES (45%)
under exposed NO DIFF. NO DIFF.
Table 2.- Productivity improvement caused by the use of the Du Pont ImageManager as
the method for the scanner set-up, compared to the
operators'
judgment method.
3.- Judges Preference for quality.
This author considered in the research an analysis of quality that could help explain the
results of using the Du Pont Image Manager. This analysis considered an expected
improvement in quality level in the color separationswhen the Du Pont Image Managerwas
used to aid in the scanner set-up for tone reproduction. The chi-square analysis of the data
for the overall visual preference of the results from the scans done using the two scanner
set-up methods at a 5% level of confidence was done on the data in table F-7.
The results indicated that when all operators and originals were considered, the judges
significantly preferred the quality, as the visual appearance based on tone reproduction, of
the color separations done using the Du Pont ImageManager to those done without using
it. The preference was 64% for use of the Du Pont Image Manager as compared to only
36% of the preferencewhen the operator's judgment was used for the scanner set-up.
For the experienced scanner operators the Du Pont ImageManager qualitywas significantly
preferred 62% of the time compared to only 38% for the operator's judgment.
The analysis of the inexperienced scanner operators also showed a noticeable difference in
quality between the two scanner set-up methods used. The use of the Image Manager
produced color separations that were preferred 67% of the time, while only 33% of the time
operators'
judgment were preferred for the scanner set-up.
When the different originals are considered the results were as follows:
The high key original regardless of the operator's skill level showed no difference due to
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set-up method. The inexperienced scanner operators did not show a significant difference
ofpreference as a result of the two methods of scanner set-up. For the experienced scanner
operators there was a significant preference for the color separations done using the Image
Manager, which were chosen 78% of the time.
For all operators the low key original was preferred 69% for the operator's judgment
method of scanner set-up. For the inexperienced scanner operators there was no significant
difference, but for the experienced scanner operators the operator's judgment method of
scanner set-up was significantly preferred, 78% of the time. This may indicate that a
different gradation curve or factor is needed in the Image Manager for the low key original.
For the normal key original there was an 83% preference for all operators using the
ImageManager for the scanner set-up. The Image Managerwas preferred as the method of
scanner set-up an 89% for the experienced scanner operators, and 78% for the
inexperienced scanner operators.
The over exposed original showed a 72% judges preference for using the Du Pont Image
Manager. It was influenced by the inexperienced scanner operators with a level of
preference of 89%, while the experienced scanner operators showed no significant
difference between the two methods of scanner set-up.
For the under exposed original the judges preferred the Du Pont Image Manager 83%
over operator's set-up. These results were mainly achieved because the inexperienced
scanner operators had a 100% judges preference when the Image Manager was used. For
the experienced scanner operators therewas no significant preference.































Table 3.- Judges preference for the use of the Du Pont Image Manager as the method of
scanner set-up compared to the operator's judgment.
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The following is a summary of the conclusions derived from the analysis of the data:
The experienced scanner operators achieved a significant increase in quality, determined
as the color separation preference based only on tone reproduction when the Image
Manager was used for the scanner set-up. There was no improvement in productivity or the
rejection rate using either method of scanner set-up.
Inexperienced scanner operators showed no significant difference in the rejection rate
using either method of scanner set-up. Significant improvement in the quality, defined as
the color separation preference based only on tone reproduction, and in the productivity
was achieved when the Du Pont Image Managerwas used for the scanner set-up.
The high key original had no significant difference in the color separation preference,
rejection rate, or productivity using either set-upmethod for all the operators.
The low key original showed a significant improvement for preferred quality for the color
separations made using the operator's judgment only. A significant increment in
productivity for the inexperienced scanner operators was achieved using the Image
Manager but it seemed to produce lower quality than the
operators'
method of set-up.
The normal key original for the tone reproduction qualitywas preferredwhen made using
the Image Manager. This was true for both the experienced and inexperienced scanner
operators. For the inexperienced and experienced scanner operators there was no
productivity improvement using the Image Manager for set-up. The color separation
acceptancewas not significantly different using either method.
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The over exposed original scanned using instructions from the Du Pont ImageManager
was preferred when made by inexperienced operators. This was not true for the
experienced operators. A significant increment in productivity was obtained by the
inexperienced scanner operators using the Image Manager. No significant difference was
observed for the color separation acceptance using either method. The rejection rate was
extremely high, which may have been influenced by the transparency used for the research,
or the inability of eithermethod to compensate for the poor original chosen.
The under exposed original was preferred when the Image Manager was used for the
scanner set-up by the inexperienced scanner operators. This was not true for the
experienced scanner operators.
The productivity and the color separation acceptance rate was the same using either method.
The rejection rate was also extremely high using either method, which may have been the
result of the transparency used in the research.
2.- Hypothesis 1.
The use of the Du Pont Image Manager for the scanner set-up did not improve the color
separations'
acceptance. The result was the same for the experienced and inexperienced
operators, and for the different originals used.
3.- Hypothesis 2.
The ImageManager improves productivity for the inexperienced scanner operators, but not
for the experienced.
4.- Separation preference
The judges preferred the quality of the color separations made by the inexperienced
operators using the Du Pont Image Manager for the normal key, over and under exposed
copy. There was no improvement for the high and low key originals.
The judges preferred the quality of the separations made by experienced operators using the
Du Pont ImageManager for high and normal key copy. There was no improvement when




The use of the Image Manager seems to this author to be a valuable help for the color
separation process, since it improves the quality (in terms of tone reproduction) for some
original types regardless the skill level of the operators. But, it is most valuable to
inexperienced scanner operators.
The lack of improvement for the high and low key originals may indicate that special
gradation curves are required for these original types. They are in fact recommended by
Du Pont in the ImageManager Owner's manual.
7.- Recommendations for further investigation.
To properly test the full effectiveness of the Du Pont Image Manager the same research
should be performed in a commercial environment. To do so five or six different
separators would be chosen, with at least two scanner operators in each shop. The originals
would be live jobs, and the customers would be the judges. For this test all the variables
would be considered, no restrictions in the use of color correction, unsharp masking,
aperture, or color cast removal would be imposed.
Having a higher number of originals, scanners, scanner operators, and judges this study
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LETTER AND INSTRUCTIONS TO THE SCANNER OPERATORS
From Enrique Arce
to : Mr. ...
March 28, 1990
Because of your experience in the Color Separation field, and your knowledge of the
systems and regulations in the Color Separation Laboratory at the School ofPrinting at the
RIT, I would like to request your help in the performance ofmy thesis project as a graduate
student of the Printing Technology program.
Your valuable help is required for doing a set of color separations for five originals. The
results of your color separations, if you decide to participate in this project, will be color
proofed along with other
operators'
results. Then subjective evaluation with judges will be
performed to compare two differentmethods of scanner set-up.
All your results will be kept without any mark that could identify the person who made
them, and so only codes will be used. I will be the only person that will know the meaning
of the codes that will represent the operator's names, and process used.
I appreciate verymuch the time you take to read this, and ifyou decide to cooperate in this




Instructions to the ScannerOperators
The purpose of this thesis project is to evaluate the performance of the DuPont Image
Manager pre-scan system compared to the traditional method of scanner operator's
judgment for the scanner set-up. Since the Image Manager is a system that helps the
scanner operator with the Tone Reproduction determination, only the gradations curves will
be varied on the scanner set-up. The respective aperture for each transparency will be used.
The color correction function will be kept constant at its normal level for all the
transparencies.
Five different transparencies will be handed to you, high, medium, low key, under and
over exposed. The transparencies are Ektachrome film in two different sizes 35 mm and
21/4x2 1/4. The color separations must be made on the Hell DC 399 Scanner, at the School
ofPrintingattheRIT
The time you use for the scanner set-up will be recorded as part of the study. It includes the
time from when you take the transparency until you push the start button to scan the
transparency.
So please try to do your best color separation for each transparency, and use all the time
you think you need. The conditions for the reproduction are:
- coated stock (Cromalin proofing)
-
printing characteristics





- the color cast in the transparency, if there is some, should not be removed.
- reproduction size: for 2 1/4 x 2 1/4 to 200 %, or 1 10 x 1 10 mm, and for 35 mm to
350%, or 126x84.
- screen ruling 150 lines/inch or 60 lines/cm (scannerHell DC 399 uses metric system)
- color correction setting at the normal conditions
- detail enhancement 4.5
- it is suggested to use aperture 4
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only the first scan will be taken, so no rescans will be allowed
- the final reproduction should be clean and bright
The scanner settings will be recorded in case the film is damaged for any reason, so if it is
necessary to rescan the transparency, then the original scanner set-up will be used.
You are only requested to do the gradation setting for the scanner, it means to set the
highlight, quarter tone, middle tone, three quarter tone, and shadow for each transparency.
Once you had finished with the five color separations, you will be handed a print out with
the scanner set-up generated by the DuPont Image Manager. Then you will be requested to
repeat the color separations, but now using the suggested scanner set-up. Each printed
instruction has a B/W low resolution reproduction of the transparency to be scanned. It
indicates where the highlight and shadow was located by the system. The set-up time will
be recorded again to comparewith the first data collected.
The films from both scans will be kept in a closed envelope until this researcher has the






LETTER AND INSTRUCTIONS TO THE JUDGES
From Enrique Arce
To : Mr. . . .
April 17,1990
Because of your experience in color judgment, and your knowledge of the Tone
Reproduction and Color Separation processes, I would like to ask you to judge a set of 30
pairs ofcolor proofs that are a part ofmy thesis project as a graduate student in the Printing
Technology program.
Ifyou agree to help in this research project you will be handed a set of instructions and
answer sheets for the evaluation. You will be also asked for the most suitable time for you
to do this judging, which should not be longer than one hour. The evaluation process will
be done in the Color Laboratory at the School ofPrinting at the RIT.
I appreciate verymuch your cooperation. Ifyou decide to participate in this research




Instructions for the judges
You will be shown 60 color proofs of color separations produced previously. They were
made by 6 scanner operators from five different originals, and two methods of scanner
set-up. Since the objective for this research is to compare two methods of tone reproduction
determination for the scanner set-up, these color separations were made using a constant
aperture and color correction for each original, varying only the scanner operator and the
method used for the scanner tone reproduction set-up.
Each colorproofwill have a number that will be used as an identification key to fill in the
attached answer sheets. You are going to be asked two questions, the first for each single
proof, and the second one is for pairs ofcolor proofs to be compared.
The scanner operators were requested to produce the color separations by only changing
the tone reproduction characteristics to produce a clean and bright reproduction. The color
cast for each transparency was not removed (attached please find the scanner operators
intructions).
Examine each case in complete detail and use all the time you need to do so. Please also
ignore any minor defect as dust, scratches, and detail that are not being evaluated. Ifyou
have any question feel free to ask.
a) Color separation's acceptance
Youwill be shown 60 color proofs, one at the time. You should answer the question:
Based only on tone reproduction criteria, is the color separation acceptable?
To record your answer you will have tomark a cross in the respective column YES or NO
according to what you are seeing (for this case use the answer sheet A)
b) Color separation preference
Now you will be shown the same 60 color proofs, but this time in pairs. At this time you
will be asked the question: Based only on tone reproduction criteria, which one of the two
color separations do you prefer?.
To record you answer you will have to mark a cross next to the number of the color proof
that you prefer according to what you are seeing, (for this case use the answer sheet B).
Remember that one color separation should be chosen as the best of the pair, no ties are





BASED ONLY ON TONE REPRODUCTION CRITERIA, IS THE
COLOR SEPARATION ACCEPTABLE?





5 25 _ 45




10 30 __^_ 50
11 31 _____ _^^ 51
12 32 __^^_ 52
13 33 53














BASED ONLY ON TONE REPRODUCTION CRITERIA, WHICH ONE
OF THE TWO COLOR SEPARATIONS DO YOU PREFER?




































The process for the calibration of the Cromalin Color Proofing System was performed
prior to the proofing process of the separations for this thesis. The materials, equipment,
and variables for the system were:
- Du Pont Cromalin laminator unit.
- laminator temperature: 1 77C or 244 F.
- frame U.V. light Teaneck Graphics Corp., L 1250 lamp, Kokomo filter, light integrator
Expo 19, GTI Graphic Technology Inc.
- Cromalin control wedge "Cromalin Offset Com Guide
Pos"
- UGRAwedge
- processor unit Du Pont Cromalin ATM II.
- Cromalin Commercial receptor CR/1 .
- pigment powder
Yellow SOP/Y pos-6 No. 532282
MAGENTA SOP/M pos-4 No. 702862
CYAN SOP/C pos-4 No. 702897
BLACK SOP/K pos-4 No. 702927
- positive working proofing film C4/CP, 25 in x 300 ft, batch roll 1630-0010
The results for the calibration were as follows:
microImes processor exposure
SID dot gain keep drop speed units
yellow 0.90 244 % 13 11 3.55 8
magenta 1.35 244 % 13 11 3.95 7
cyan 1.29 244% 11 8 6.50 5
black 1.59 244 % 13 11 4.96 8





THE DU PONT IMAGE MANAGER
The Du Pont ImageManager system is a computerized prescan system that operates in the
way described in the Literature Review. For this research the system was set according to
the instructions on the Image Manager Owner's Manual. From there the following
gradations were used:
highlight 1/4 tone midtone 3/4 tone shado
density 0.25 0.70 1.10 2.00 3.00
yellow 1 23 47 76 90
magenta 1 23 47 76 90
cyan 3 30 59 85 97
black 0 0 10 50 75
Table D- 1 Gradation curves used in the Image Manager for this research.
The system was run in automatic and using fixed weight for the prescan analysis for the
five different originals that were processed in this research. The results from the prescan
analysis are presented in the following pages, the names used for the originals are:
- Aspirin (high key), picture number 1.
- Sunset (low key), picture number 2.
- Volcan Osomo (normal key), picture number 3.
- Volcan Osomo (under exposed), picture number 4.
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ORIGINALS USED IN THE RESEARCH
Following are prints produced from the originals used on the performance of this research.
Figure E-l: ASPIRIN (HIGH KEY)
59
Figure E-2: SUNSET (LOW KEY)
60
Figure E-3: VOLCAN OSORNO (NORMAL KEY)
61
Figure E-4: VOLCAN OSORNO (UNDER EXPOSED)
62





DATA COLLECTED AND SCOTT'S COEFICIENT DETERMINATION
scanner method original judge judge | judge judge judge judge judge
operator used 1 2 3 4 5
t - =
6 7
HK 2 0 1 1 0 0 1
E D LK 0 2 3 0 3 2 0
X I NK 0 0 2 0 0 0 2
P M OE 2 3 3 3 3 3 3
UE 2 2 3 3 3 2 3
I HK 2 2 3 1 3 1 3
N D LK 0 0 1 0 0 0 1
E I NK 1 1 1 0 1. 0 3
X M OE 3 3 3 3 3 3 3
P UE 2 2 3 2 1 2 3
0 HK 1 1 1 0 0 0 1
E P. LK 0 1 2 0 0 2 0
X J NK 0 1 1 0 0 1 3
P U OE 3 3 3 3 3 3 3
D. UE 1 1 3 3 3 2 3
I 0 HK 3 0 2 1 2 1 3
N P. LK 2 2 1 0 1 1 2
E J NK 1 2 1 0 0 0 3
X U OE 2 3 3 3 3 3 3
P D. UE 2 3 3 3 3 3 3
Table F-l: Rejection rate based on tone reproduction criteria for the 12 judges
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scanner method original judge judge judge judge judge average std.
operator used 8 9 10 11 12 dev.
HK 2 1 2 1 0 0.92 0.76
E D LK 0 0 1 2 0 1.08 1.19
X I NK 1 1 0 2 1 0.75 0.83
P M OE 1 3 3 3 3 2.75 0.60
UE 2 2 3 3 3 2.58 0.49
I HK 1 3 2 3 3 2.25 0.83
N D LK 0 0 0 2 2 0.50 0.76
E I NK 1 2 0 1 1 1.00 0.82
X M OE 0 3 3 3 3 2.75 0.83
P UE 2 3 3 3 3 2.42 0.64
O HK 1 0 2 1 0 0.67 0.62
E P. LK 0 0 0 3 0 0.67 1.03
X J NK 1 0 1 2 0 0.83 0.90
P U OE 3 2 3 3 3 2.92 0.28
D. UE 3 3 3 2 3 2.50 0.76
I O HK 1 2 2 2 2 1.75 0.83
N P. LK 2 3 0 2 1 1.42 0.86
E J NK 0 0 0 0 1 0.67 0.94
X U OE 2 3 3 3 2 2.75 0.43
P D. UE 3 3 3 3 3 2.92 0.28
Table F-l: Rejection rate based on tone reproduction
criteria for the 12 judges (continued).
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scanner original judge 1 judge 2 judge 3 judge 4 judge 5 judge 6
operator DIM OP DIM OP DIM OP DIM OP DIM OP DIM OP
HK 2 1 1 2 2 1 1 2 3 0 2 1
E LK 1 2 1 2 0 3 3 0 1 2 1 2
X NK 3 0 2 1 2 1 2 1 3 0 2 i !
P OE 1 2 0 3 2 1 3 0 2 1 1 2
UE 2 1 2 1 2 1 2 1 2 1 2 1
I HK 1 2 0 3 1 2 2 1 0 3 1 2
N LK 1 2 2 1 1 2 3 0 1 2 1 2
E NK 3 0 0 3 2 1 1 2 2 1 2 1
X OE 3 0 2 1 2 1 2 1 3 0 2 1
P UE 3 0 3 0 3 0 3 0 3 0 3 0
scanner original judge 7 judge 8 judge 9 judge 10 judge 1 1 judge 12
operator DIM OP DIM OP DIM OP DIM OP DIM OP DIM OP
HK 3 0 2 1 0 3 3 0 2 1 3 0
E LK 1 2 1 2 2 1 0 3 0 3 3 0
X NK 1 2 3 0 3 0 3 0 2 1 2 1
P OE 0 3 2 1 0 3 2 1 0 3 0 3
UE 2 1 2 1 3 0 2 1 2 1 1 2
I HK 1 2 1 2 0 3 1 2 0 3 0 3
N LK 3 0 2 1 1 2 1 2 3 0 2 1
E NK 0 3 3 0 2 1 2 1 1 2 1 2
X OE 2 1 3 0 2 1 3 0 0 3 0 3
P UE 3 0 3 0 3 0 3 0 3 0 3 0
Table F-2: Color separation preference based on tone reproduction criteria for the 12 judges
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scanner description original original original original original
operator HK LK NK OE UE
mount 206 206 206 206 206
INEXP-1 ANAL (OP) 462 473 388 535 415
SET DIM 347 372 363 375 385
ANALDIM 255 260 258 258 258
MOUNT 155 95 101 125 108
INEXP-2 ANAL(OP) 811 640 364 368 374
SETDIM 392 301 290 263 290
ANALDIM 255 260 258 258 258
MOUNT 145 145 145 145 145
DMEXP-3 ANAL (OP) 1525 875 362 620 495
SETDIM 375 335 235 194 265
ANALDIM 255 260 258 258 258
MOUNT 149 149 149 149 149
EXP-1 ANAL (OP) 633 271 587 422 294
SETDIM 573 430 395 592 495
ANALDIM 255 260 258 258 258
MOUNT 149 149 149 149 149
EXP-2 ANAL (OP) 554 858 298 642 636
SETDIM 573 430 395 592 495
ANALDIM 255 260 258 258 258
MOUNT 168 168 168 168 168
EXPO ANAL (OP) 636 532 484 537 1303
SETDIM 294 452 344 540 930
ANALDIM 255 260 258 258 258
Table F-3: Time required to perform the color separation by the six scanner operators
mount : is the time it took to the scanner operators to mount the transparency on
the scanner's drum.
anal(op) : is the time it took to the scanner
operators to perform the analysis of the
transparency, and set-up the scanner. It includes the
time up to when the
operator hits the start button.
set DEVI : is the time required to set the scanner according to the Du Pont
Image
Manager instructions.
anal DIM : is the time required to perform a complete analysis of the transparency
in
the Du Pont ImageManager prescan system. It includes the time
to
mount a transparency on the carrier, enter the
required information to the
system, analyze the transparency, and
print the instructions.
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scanner original judge 12 judge 11 i j
operator DIM DIM %DIM %DIM ABS(i-j) )2 (f2)/100
HK 3 2 20.0% 15.4% 4.6 237 2.4
E LK 3 0 20.0% 0.0% 20.0 0 0.0
X NK 2 2 13.3% 15.4% 2.1 237 2.4
P OE 0 0 0.0% 0.0% 0.0 0 0.0
UE 1 2 6.7% 15.4% 8.7 237 2.4
I HK 0 0 0.0% 0.0% 0.0 0 0.0
N LK 2 3 13.3% 23.1% 9.7 533 5.3
E NK 1 1 6.7% 7.7% 1.0 59 0.6
X OE 0 0 0.0% 0.0% 0.0 0 0.0
P UE 3 3 20.0% 23.1% 3.1 533 5.3
SUM 15 13 49.2 18.3
P0= 100-(ABS(i-j)) PE=(j~2)/100 SCOTTS COEF. = (PO-PEV(IOO-PE)
P0= 51 PE= 18 S. C.= 40 %
Table F-4: An example of the Scotfs coefficient evaluation.
1 2 3 4 5 6 7 8 9 10 11 12
1 35 67 32 77 78 27 82 41 77 9 8
2 24 25 38 38 51 35 43 26 43
25
3 40 66 87 32 70 30 78 18
5
4 31 40 27 49 15 31 -11
17
5 69 27 72 35 89 21
20
6 46 73 44 68
18 19











Table F-5: Inter-judge agreement results for the 12
judges.
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scanner method original judge judge judge judge judge judge average std. rejection
operator used 1 3 5 6 8 10 dev. %
HK 2 1 0 0 2 2 1.17 0.90 39%
E D LK 0 3 3 2 0 1 1.50 1.26 50%
X I NK 0 2 0 0 1 0 0.50 0.76 17%
P M OE 2 3 3 3 1 3 2.50 0.76 83%
UE 2 3 3 2 2 3 2.50 0.50 83%
average 1.63 55%
I HK 2 3 3 1 1 2 2.00 0.82 67%
N D LK 0 1 0 0 0 0 0.17 0.37 6%
E I NK 1 1 1 0 1 0 0.67 0.47 22%
X M OE 3 3 3 3 0 3 2.50 1.12 83%
P UE 2 3 1 2 2 3 2.17 0.69 72%
average 1.50 50%
0 HK 1 1 0 0 1 2 0.83 0.69 28%
E P. LK 0 2 0 2 0 0 0.67 0.94 22%
X J NK 0 1 0 1 1 1 0.67 0.47 22%
P U OE 3 3 3 3 3 3 3.00 0.00 100%
D. UE 1 3 3 2 3 3 2.50 0.76 83%
average 1.53 51%
I O HK 3 2 2 1 1 2 1.83 0.69 61%
N P. LK 2 1 1 1 2 0 1.17 0.69 39%
E J NK 1 1 0 0 0 0 0.33 0.47 11%
X U OE 2 3 3 3 2 3 2.67 0.47 89%
P D. UE 2 3 3 3 3 3 2.83 0.37 94%
average 1.77 59%
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method scanner original original original original original average
used operator HK LK NK OE UE
op. jud. inexp- 1 462 473 388 535 415 455
op. jud. inexp-2 811 640 364 368 374 511
op. jud. inexp-3 1525 875 362 620 495 775
average 932.7 662.7 371.3 507.7 428.0
std. dev. 442.4 164.9 11.8 104.7 50.2
average 580
DIM inexp- 1 347 372 363 375 385 291
DIM inexp-2 392 301 290 263 290 307
DIM inexp-3 375 335 235 194 265 280
average 371.3 336.0 226.0 277.3 313.3
std. dev. 18.6 29.0 52.4 74.6 51.7
average 293
op. jud. exp-1 633 271 587 422 294 441
op. jud. exp-2 554 858 298 642 636 598
op. jud. exp-3 636 532 484 537 1303 698
average 607.7 553.7 456.3 533.7 744.3
std. dev. 38.0 240.1 119.6 89.8 419.0
average 579
DIM exp-1 573 430 395 592 495 497
DIM exp-2 573 430 395 592 495 497
DIM exp-3 294 452 344 540 930 512
average 480.0 437.3 378.0 574.7 640.0
std. dev. 131.5 10.4 24.0 24.5 205.1
average 502
Table F-8: Comparison time for the scanner setting using either the operator's
judgment or





ANALYSIS OF THE RESULTS OBTAINED
1. -Color separation preference: a chi-square analysis was performed using an alpha risk
level of 5%(1). The null hypothesis tested in each case was Ho: the results of the overall
visual preference for the judges based on tone reproduction criteria occurred only by




GLOBAL 5.378 3.841 REJECTED
HK 5.556 3.841 REJECTED
LK 5.556 3.841 REJECTED
NK 10.889 3.841 REJECTED
OE 0.222 3.841 NOT REJ.
UE 2.000 3.841 NOT REJ.





GLOBAL 10.000 3.841 REJECTED
HK 3.556 3.841 NOT REJ.
LK 0.889 3.841 NOT REJ.
NK 5.556 3.841 REJECTED
OE 10.889 3.841 REJECTED
UE 18.000 3.841 REJECTED






HK 0.111 3.841 NOT REJ.
LK 5.444 3.841 REJECTED
NK 16.000 3.841 REJECTED
OE 7.111 3.841 REJECTED
UE 16.000 3.841 REJECTED
Table G-3: Results of the chi-square analysis for the different originals (regardless the
scanner operators skill level).
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2.- Scanner setting time comparison: an ANOVA test was performed using an alpha risk
level of 5%(l). The null hypothesis tested in each case was Ho: all the data included from
the two samples come from the same sample distribution.
original method Xi s MSTR/MSE Fos Ho
used
GLOBAL OP. JUD. 579.1 254.8 1.02 4.20 NOT REJ.
DIM 502.0 150.0
HK OP. JUD. 607.7 38.0 1.31 7.71 NOT REJ.
DIM 480.0 131.5
LK OP. JUD. 553.7 240.1 0.70 7.71 NOT REJ.
DIM 437.3 10.4
NK OP. JUD. 456.3 119.6 1.24 7.71 NOT REJ.
DIM 378.0 24.0
OE OP. JUD. 533.7 89.8 0.58 7.71 NOT REJ.
DIM 574.7 24.5
UE OP. JUD. 744.3 419.0 0.15 7.71 NOT REJ.
DIM 640.0 205.1
Table G-4: Results of the ANOVA analysis for the scanner set-up time for the
experienced scannner operators
original method Xi s MSTR/MSE ^05 Ho
used
GLOBAL OP. JUD. 580.5 306.9 10.49 4.20 REJECTED
DIM 318.8 61.2
HK OP. JUD. 932.7 442.4 4.82 7.71 NOT REJ.
DIM 371.3 18.6
LK OP. JUD. 662.7 164.9 11.42 7.71 REJECTED
DIM 336.0 29.0
NK OP. JUD. 371.3 11.8 5.90 7.71 NOT REJ.
DIM 296.0 52.4
OE OP. JUD. 507.7 104.7 9.64 7.71 REJECTED
DIM 277.3 74.6
UE OP. JUD. 428.0 50.2 7.60 7.71 NOT REJ.
DIM 313.3 51.7
Table G-5: Results of the ANOVA analysis for the scanner set-up time for the
inexperienced scannner operators
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3.- Rejection ratefor the color separations: an ANOVA test was performed using an alpha
risk level of 5%(1). The null hypothesis tested in each case was Ho: all the data included
into the two samples come from the same sample distribution.
original method Xi Si MSTR/MSE F Ho
used
GLOBAL OP. JUD. 1.53 1.22 0.10 4.01 NOT REJ.
DIM 1.63 1.19
HK OP. JUD. 0.83 0.69 0.54 4.96 NOT REJ.
DIM 1.17 0.90
LK OP. JUD. 0.67 0.94 1.67 4.96 NOT REJ.
DIM 1.50 1.26
NK OP. JUD. 0.67 0.47 0.22 4.96 NOT REJ.
DIM 0.50 0.76
OE OP. JUD. 3.00 0.00 1.30 4.96 NOT REJ.
DIM 2.50 0.76
UE OP. JUD. 2.50 0.76 0.00 4.96 NOT REJ.
DIM 2.50 0.50
Table G-6: Results of the ANOVA analysis for the rejection rate for the experienced
scannner operators
original method Xi Si MSTR/MSE F Ho
used
GLOBAL OP. JUD. 1.77 1.10 0.81 4.01 NOT REJ.
DIM 1.50 1.20
HK OP. JUD. 1.83 0.69 0.15 4.96 NOT REJ.
DIM 2.00 0.82
LK OP. JUD. 1.17 0.69 9.77 4.96 REJECTED
DIM 0.17 0.37
NK OP. JUD. 0.33 0.47 1.57 4.96 NOT REJ.
DIM 0.67 0.47
OE OP. JUD. 2.67 0.47 0.12 4.96 NOT REJ.
DIM 2.50 1.12
UE OP. JUD. 2.83 0.37 4.26 4.96 NOT REJ.
DIM 2.17 0.69
Table G-7: Results of the ANOVA analysis for the rejection rate for the inexperienced
scannner operators
77
ENDNOTES FOR THE APPENDIX G
1 . - Anderson D .
, Sweeney D . , Thomas W. .Statistics Concepts and Applications , West
Publishing Co., New York, 1986, p. 466-480.
